Abstract: A Fuzzy Query Language (FQL) for relational databases is proposed FQL, developed as an extension of relational domain calculus, has sufficient capabilities to express all five types of fuzzy statements distinguished and represented in a meaning representation language PRUF by Zadeh. The main idea for developing FQL lies in a method that hannoniously integrates relational domain calculus and PRUF, together with a natural determination method of matching degrees of domain values in relational databases against FQL queries. Effects of FQL are twofold. One is practical. We expect that FQL will add a human-oriented interface to currently widespread relational databases all over the world that have already stored a vast amount of useful information. In addition, fuzzy expert systems currently under development can be designed to support FQL so that they can make usc of fact data stored in some relational database in their processing. The other but principal effect is theoretical. FQL provides a theoretical framework that can play a kernel role in integrating many previous-and-future fuzzy extensions of relational database query languages systematically into a unified fuzzy query language.
INTRODUCTION
One of the most important issues in relational databases, compared to tree or hierarchical structured-type databases, has been to develop query languages that can provide to non-expert users with higher-level human-oriented interfaces. Such query languages in general include various kind of imprecise statements of natural languages. In addition, the higher-level human-oriented interfaces the query language can provide, the greater amount of more complex imprecise statements of some natural language it has to support. Thus, a systematical approach is desired to develop a query language that supports imprecise statements of natural languages.
It has been widely recognized in the field of information processing that, on the basis of fuzzy theory, a large amount of those imprecise statements can \le formally represented and then processed by computers. Examples of a fuzzy statement that includes fuzziness in its meaning include these statements: "Abe is very small." and "It is not quite true that Bob is young." Here, fuzziness manifests itself by the phrases of "very small," "not quite true," and "young." In the area of database retrieval in particular, there have been in fact many extensive studies conducted on the extension of relational database systems to allow fuzzy statements in their users' queries (Bose, Hamon and Galibourg, 1988; Buckles and Petry, 1985; Chang and Ke, 1978; Prade and Testemale, 1984; Raju and Majumdar, 1988; Takahashi, 1991; Takahashi, 1993; Umana, 1984; Zvieli and Chen, 1986 ).
These studies are categorized from their approaches into two classes. One is to extend relational database query languages to cope with some fuzzy statements while the database model remains relational. The other is to develop a fuzzy relational database, that is, to extend the relational database model as well as query languages. Fuzzy database allows, for instance, fuzzy sets as attribute values or tuple truth-values. The former approach is more fundamental and thus should be studied first. Moreover, that approach also makes it possible to use a vast amount of useful information without modification that has already been stored in relational databases widespread all over the world. Thus, we in this paper focus our discussion on the former approach while leaving the second one as a future study.
Previous research in the former approach has yielded many fuzzy extensions of relational database query languages. However, we do not think that simple gathering of a whole set of these fuzzy extensions can systematically constitute a unified fuzzy query language for the relational database, since each extension has been proposed for its own individual purpose and thus the integration of these fuzzy extensions cannot but be performed in a bottom-up-manner. Hence we think it in a dire need to develop a framework for fuzzy query languages for relational database that can integrate each piece of previous extension as well as any future one systematically into a unified fuzzy query language. This is because we believe that, in the development of the fuzzy query language, such a framework can play a similar role to that the Codd's relational database
